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ABSTRACT 


The  mutagenic  potential  of  the  Holston  Compounds  (Virgin  DMSO 
DM SO  Recycle  Solvent,  and  DMSO  Evaporator  Sludge)  was  assessed  by 
using  the  Ames  Salmonella/Mammalian  Microsome  Mutagenicity  Assay. 
Tester  strains  TA  98,  TA  100,  TA  1535,  TA  1537,  and  TA  1538  were 
exposed  to  doses  ranging  from  0.1  ml  of  a  100%  to  0.1  ml  of  a  0.032% 
solution.  Negative  mutagenic  responses  were  observed  for  the  Virgin 
DMSO  and  the  DMSO  Recycle  Solvent.  Mutagenic  potential  was  observed 
for  the  DMSO  Evaporator  Sludge. 
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MUTAGENIC  POTENTIAL  OF  THE  HOLSONT  COMPOUNDS.  Virgin  DMSO,  DMSO  Recycle  Solvent, 
DMSO  Evaporator  Sludge-Sauers  et  al 


Rationale  for  using  the  Ames  Assay 

The  Ames  Salmonella/Mammalian  Microsome  Mutagenicity  Test  is  one 
of  a  standard  bank  of  tests  used  by  our  laboratory  for  the  assessment 
of  the  mutagenic  potential  of  a  test  substance.  It  is  a  short-term 
screening  assay,  which  we  use  for  the  prediction  of  potential 
mutagenic  agents  in  mammals.  It  is  inexpensive  when  compared  to  in 
vivo  tests,  yet  is  highly  predictive  and  reliable  in  its  ability  to 
detect  mutagenic  activity  and  therefore  carcinogenic  probability  (1). 
It  relies  on  basic  genetic  principles  and  allows  for  the  incorporation 
of  a  mammalian  microsomal  enzyme  system  to  increase  sensitivity 
through  enzymatically  altering  the  test  substance  into  an  active 
metabolite.  It  has  proven  highly  effective  in  assessing  human  risk 
(1). 

Description  of  Test  (Rationale  for  the  selection  of  strains) 

The  test  was  developed  by  Bruce  Ames,  Ph.D.  from  the  University 
of  California-Berkeley.  The  test  involves  the  use  of  several 
different  genetically  altered  strains  of  Salmonella  typhlmurium,  each 
with  a  specific  mutation  in  the  histidine  operon  (2).  The  test 
substance  demonstrates  mutagenic  potential  if  it  is  able  to  revert  the 
mutation  in  the  bacterial  histidine  operon  to  the  wild  type  and 
reestablish  prototrophic  growth  within  the  test  strain.  This  reversion 
also  can  occur  spontaneously  due  to  a  random  mutational  event.  If, 
after  adding  a  test  substance,  the  number  of  revertants  is 
significantly  greater  than  the  spontaneous  reversion  rate,  then  the 
test  substance  physically  altered  the  locus  involved  in  the  operon 's 
mutation  and  is  able  to  induce  point  mutations  (2). 

In  order  to  increase  the  sensitivity  of  the  test  system,  other 
mutations  in  the  Salmonella  are  used  (2).  To  insure  a  higher 
probability  of  uptake  of  test  substance,  the  genome  for  the 
1 ipopolysaccharide  layer  (LP)  is  mutated  and,  therefore,  larger 
molecules  are  allowed  to  enter  the  bacteria.  Kach  strain  has  another 
induced  mutation  which  causes  loss  of  excision  repair  mechanisms.  A 
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mammalian  microsomal  enzyme  system  is  incorporated  since  many 
chemicals  are  not  by  themselves  mutagenic  but  have  to  be  activated  by 
an  enzymatic  process.  These  microsomal  enzymes  are  obtained  from 
livers  of  rats  induced  with  Aroclor  1254;  the  enzymes  allow  for  the 
expression  of  the  metabolites  which  would  occur  in  the  mammalian 
system.  This  activated  rat  liver  microsomal  enzyme  homogenate  is 
termed  S-9. 

Description  of  Strains  (History  of  the  strains  used  method  to 
monitor  the  integrity  of  the  organisms,  and  data  pertaining  to 
current  and  historical  control  and  spontaneous  reversion  rates) 

The  test  consists  cf  using  five  different  strains  of  Salmonella 
typhimurium  that  are  unable  to  grow  in  absence  of  histidine  because  of 
a  specific  mutation  in  the  histidine  operon.  This  histidine 
requirement  is  verified  by  attempting  to  grow  the  tester  strains  on 
minimal  glucose  agar  (MGA)  plates,  both  with  and  without  histidine. 
The  dependence  on  this  amino  acid  is  shown  when  growth  occurs  only  in 
its  presence.  The  plasmids  in  strains  TA  98  and  TA  100  contain  an 
ampicillin  resistant  R  factor.  Strains  deficient  in  this  plasmid 
demonstrate  a  zone  of  inhibition  around  an  ampicillin  impregnated 
disc.  The  alteration  of  the  LP  layer  allows  uptake  by  the  Salmonella 
of  larger  molecules.  If  a  crystal  violet  impregnated  disc  is  placed 
onto  a  plate  containing  any  one  of  the  bacterial  strains,  a  zone  of 
growth  inhibition  will  occur  because  the  LP  layer  is  altered.  The 
absence  of  excision  repair  mechanisms  can  be  determined  by  using 
ultraviolet  (UV)  light.  These  mechanisms  function  primarily  by 
repairing  photodimers  between  pyrimidine  bases.  Exposure  of  bacteria 
to  UV  light  will  activate  the  formation  of  these  dimers  and  cause  cell 
lethality,  since  excision  of  these  photodimers  can  not  be  made.  The 
genetic  mutation  resulting  in  UV  sensitivity  also  induces  a  dependence 
by  the  Salmonella  to  biotin.  Therefore,  this  vitamin  must  be  added. 
In  order  to  prove  that  the  bacteria  are  responsive  to  the  mutation 
process,  positive  controls  are  run  with  known  mutagens.  If  after 
exposure  to  the  positive  control  substance,  a  revertant  count  is 
obtained  which  is  greater  than  twice  the  spontaneous  reversion  rate, 
then  the  bacteria  are  adequately  responsive.  Sterility  controls  are 
performed  to  determine  the  presence  of  contamination.  Sterility  of 
the  test  compound  is  also  confirmed  in  each  first  dilution. 
Verification  of  the  tester  strains  occurs  simultaneously  with  the 
running  of  each  assay.  The  value  of  the  spontaneous  reversion  rate  is 
obtained  by  using  the  same  inoculum  of  bacteria  that  is  used  in  the 
assay  (3). 

Strains  were  obtained  directly  from  Dr.  Ames,  University  of 
California-Berkeley,  propagated  and  then  maintained  at  -80°C  in  our 
laboratory.  Before  any  substance  was  tested,  quality  controls  were 
performed  on  the  bacterial  strains  to  establish  the  presence  of  their 
special  features  and  also  to  determine  the  spontaneous  reversion  rate 
(2).  Records  are  maintained  of  all  the  data  to  determine  if 
deviations  from  the  set  trends  have  occurred.  These  records  are  kept 
in  the  archives  of  the  (Xiality  Assurance  Unit. 
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In  this  series  of  tests  for  the  detection  of  mutagenic  potential 
of  different  agents,  we  compared  the  spontaneous  reversion  values  with 
our  own  historical  values  and  those  cited  by  Ames  et  al  (2).  Our 
conclusions  are  based  on  the  spontaneous  reversion  rate  compared  to 
the  experimentally  induced  rate  of  mutation.  When  operating 
effectively,  these  strains  detect  substances  that  cause  base  pair 
mutations  (TA  1535,  TA  100)  and  frameshift  mutations  (TA  1537,  TA 
1538,  and  TA  98). 

Objective  of  Study 

The  objective  of  the  study  is  to  determine  the  mutagenic  potential 
of  the  Holston  Compounds  using  the  Ames  Assay.  Tester  strains  TA  98, 
TA  100,  TA  1535,  TA  1537,  and  TA  1538  were  used.  The  plate 
incorporation  method  was  followed.  The  test  substances  were  diluted 
in  reagent  grade  dimethyl  sulfoxide  (DMSO)  and  this  diluent  was 
checked  for  sterility. 

METHODS  (3) 

Rationale  for  Dosage  Levels  and  Dose  Response  Tabulations 

To  insure  readable  and  reliable  results,  a  3Ublethal  concentration 
of  the  test  substance  had  to  be  determined.  This  toxicity  level  was 
found  by  using  MGA  plates,  various  concentrations  of  the  substance, 
and  approximately  10°  cells  of  TA  100  per  plate,  unless  otherwise 
specified.  Top  agar  containing  trace  amounts  of  histidine  and  biotin 
were  placed  on  MGA  plates.  TA  100  was  used  because  it  is  the  most 
sensitive  strain.  Strain  verification  was  confirmed  on  the  bacteria, 
along  with  a  determination  of  the  spontaneous  reversion  rate.  After 
incubation,  the  growth  was  observed  on  the  plates.  (The  auxotrophic 
Salmonella  will  replicate  a  few  times  and  potentially  express  a 
mutation.  When  the  histidine  and  biotin  supplies  are  exhausted,  only 
those  bacteria  that  reverted  to  the  prototrophic  phenotype  will 
continue  to  reproduce  and  form  macrocolonies;  the  remainder  of  the 
bacteria  comprises  the  background  lawn.  The  minimum  toxic  level  is 
defined  as  the  lowest  serial  dilution  at  which  decreased  macrocolony 
formation,  below  that  of  the  spontaneous  revertant  rate,  and  an 
observable  reduction  in  the  density  of  the  background  ’awn  occurs.)  A 
maximum  dose  of  1  mg/plate  is  used  when  no  toxicity  is  observed.  The 
densities  were  recorded  as  normal,  slight,  and  no  growth. 

Test  Format 


After  we  validated  our  bacterial  strains  and  determined  the 
optimal  dosage  of  the  test  substance,  we  began  the  Ames  Assay.  In  the 
actual  experiment,  0.1  ml  of  the  particular  strain  of  Salmonella  (10° 
cells)  and  the  specific  dilutions  of  the  test  substance  were  added  to 
2  ml  of  molten  top  agar,  which  contained  trace  amounts  of  histidine 
and  biotin.  Since  survival  is  better  from  cultures  which  have  just 
passed  the  log  phase,  the  Salmonella  strains  are  used  16  hours 
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(maximum)  after  initial  inoculation  into  nutrient  broth.  The  dose  of 
the  test  substance  spanned  a  1000-fold,  decreasing  from  the  minimum 
toxic  level  by  a  dilution  factor  of  5.  All  the  substances  were  tested 
with  and  without  S-9  microsome  fraction.  The  optimal  titer  of  the  S-9 
was  determined  and  0.5  ml  was  added  to  the  molten  top  agar.  After  all 
the  ingredients  were  added,  the  top  agar  was  mixed,  then  overlaid  on 
minimum  glucose  agar  plates.  These  plates  contained  2%  glucose  and 
Vogel  Bonner  "E"  Concentrate  (4).  The  water  used  in  this  medium  and 
all  reagents  came  from  a  polymetric  system.  Plates  were  incubated, 
upside  down  in  the  dark  at  37°  C  for  48  hours.  Plates  were  prepared 
in  triplicate  and  the  average  revertant  counts  were  recorded.  The 
corresponding  number  of  revertants  obtained  was  compared  to  the  number 
of  spontaneous  revertants;  the  conclusions  were  recorded 
statistically.  A  correlated  dose  response  is  considered  necessary  to 
declare  a  substance  as  a  mutagen.  Commoner  (5),  in  his  report, 
"Reliability  of  Bacterial  Mutagenesis  Techniques  to  Distinguish 
Carcinogenic  and  Non-Carcinogenic  Chemical,"  and  McCann  et  al  (1)  in 
their  paper,  "Detection  of  Carcinogens  as  Mutagen  in  the 
Salmonella/Mammalian  Microsome  Mutagenicity  Test:  Assay  of  over  300 
Chemicals,"  have  concurred  on  the  test's  ability  to  detect  mutagenic 
potential . 

Statistical  Analysis 

Quantitative  evaluation  was  ascertained  by  the  method  of  Ames  et 
al  (2).  They  assumed  that  a  compound  which  causes  twice  the 
spontaneous  reversion  rate  and  a  correlated  dose  response  is 
mutagenic. 

Chemical  Analysis 

Information  on  the  chemical  analysis  on  the  Holston  Compounds 
appears  in  Appendix  A.  The  stability  of  the  Holston  Compounds  under 
these  test  conditions  has  not  been  determined  but  assumed  to  be  stable 
at  room  temperature. 
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RESULTS  AND  DISCUSSION 

On  19  January  1983.  the  toxicity  level  determination  was  performed 
for  the  Virgin  DMSO,  DMSO  Evaporator  Sludge,  and  DMSO  Recycle  Solvent. 
For  this  experiment,  all  sterility,  strain  verification,  and  negative 
controls  were  normal  (Appendix  B,  Table  1).  Other  results  appear  in 
Tables  2-12,  Appendix  B  and  Figures  1-6,  Appendix  C.  No  toxicity  was 
observed  after  exposure  of  the  tester  strains  to  the  compounds  at  the 
highest  dose  used  (0.1  ml  of  a  100%  solution)  (Tables  2-4).  It  was 
observed  that  the  DMSO  Recycle  Solvent  precipitated  when  added  to  the 
top  agar.  The  DMSO  Recycle  Solvent  has  a  low  solubility  in  water,  the 
•major  component  of  the  top  agar  solution.  It  is  speculated  that  only 
about  0.51  of  the  solvent  went  into  solution  (personal  communication, 
Thomas  Kawakami,  PhD,  Laboratory  for  Energy-Related  Health  Research, 
28  January  1983). 

On  26  January  1983.  the  Ames  Assay  was  performed  on  the  test 
substances.  In  this  assay,  normal  results  were  observed  for  all 
sterility  and  strain  verification  controls  (Table  5).  Normal  results 
were  also  observed  for  all  positive  and  negative  controls  (Table  6). 
Following  exposure  of  the  bacteria  to  the  Virgin  DMSO  and  DMSO  Recycle 
Solvent,  no  incidences  of  mutagenicity  were  observed  (Tables  7,8). 
Following  exposure  of  the  bacteria  to  the  DMSO  Evaporator  Sludge,  a 
doubling  of  the  spontaneous  reversion  rate  was  induced  at  the  100% 
solution  level  in  TA  98,  TA  1537.  and  TA  1538.  Increased  reversion 
counts  were  seen  for  TA  100  and  TA  1535  (Table  9).  No  evidence  of 
mutagenicity  was  observed  at  the  20%  solution  level.  For  a  positive 
mutagenic  response  in  the  Ames  Assay,  a  test  compound  must  induce  a 
doubling  of  the  spontaneous  reversion  rate  and  a  correlated  dose 
response.  It  was  speculated  that  components  in  the  DMSO  Evaporator 
Sludge  were  mutagenic,  but  were  in  3uch  small  concentrations  that  a 
dose  response  could  not  be  seen  because  of  the  wide  difference  between 
dilutions.  A  second  Ames  Assay  was  performed  on  17  March  1983,  using 
0.1  ml  per  plate  volumes  of  100%,  80%,  60%,  40%,  20%,  and  1%  solutions 
of  the  DMSO  Evaporator  Sludge.  For  this  experiment,  all  strain 
verifications  and  sterility  controls  were  normal  (Table  10).  Normal 
results  were  observed  for  all  positive  and  negative  controls  (Table 
11).  Following  exposure  of  the  bacteria  to  the  DMSO  Evaporator 
Sludge,  mutagenic  responses  were  seen  for  TA  98  at  the  100%,  80%,  and 
60%  solutions  without  S-9,  and  at  the  100%  and  80%  solutions  with  S-9. 
A  positive  response  was  seen  for  TA  1537  at  the  100%,  80%,  and  60% 
solution  with  and  without  S-9,  and  at  the  40%  dose  level  with  S-9. 
Mutagenicity  was  evident  for  TA  1538  at  the  100%  through  40%  solution 
with  and  without  S-9,  and  at  the  20%  solution  without  S-9  (Table  12). 
For  each  of  the  strains  exhibiting  a  mutagenic  response,  a  graph  has 
been  constructed  to  illustrate  the  correlated  dose  response  (Figures 
1-6).  A  deviation  from  a  definitive  dose  response  is  observed  for  TA 
1537.  This  can  be  attributed  to  the  insensitivity  of  this  particular 
strain  and  the  closely  spaced  dilutions. 
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CONCLUSION 

On  the  basis  of  the  Ames  Assay,  the  Virgin  CM SO  aed  DM SO  Recycle 
Solvent  are  not  mutagenic  at  the  levels  tested.  The  DMSO  Evaporator 
Sludge  shows  characteristics  of  a  frame shift  mutagen  at  the  levels 
tested  but  does  not  require  the  presence  of  metabolic  activation  for 
mutagenic  induction. 

Since  the  CMSO  Recycle  Solvent  percipitated  in  the  top  agar,  it  is 
plausible  that  components  within  the  solution  are  mutagenic  but  do  not 
exhibit  a  response,  since  they  were  in  such  small  concentrations  when 
exposed  to  the  Salmonella. 

RECOMMENDATION 

Components  of  the  DMSO  Evaporator  Sludge  should  be  identified  and 
tested  to  determine  the  cause  of  the  mutagenic  response. 
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a 

Toxicity  Test  Sample  Composition 
Concentration  by  HPLC,  g/1 


Sample 

b 

RDX 

c 

HMX 

d 

TAX 

e 

SEX 

IH  0 

2 

IDMSO 

f 

Virgin  DMSO 

0 

0 

0 

0 

h 

0.63 

99.37 

DMSO  Recycle 

g 

Solvent 

24.188 

39.542 

0.263 

0 

i 

35.48 

j 

58.64 

f 

DMSO  Evaporator  Sludge 

0.548 

0.942 

3.521 

0 

i 

5.35 

j 

94.19 

Calculated  Data 

In  Weight 

a 

Percent 

Sample 

RDX 

HMX 

TAX 

SEX 

H  0 

DMSO 

2 

Virgin  DMSO 

0 

0 

0 

0 

0.63 

99.37 

DMSO  Recycle  Solvent 

2.22 

3.64 

0.02 

0 

35.48 

58.64 

DMSO  Evaporator  Sludge 

0.05 

0.09 

0.32 

0 

5.35 

94. 19 

a 

Data  supplied  by  sponsor 
b 

RDX:  Cyelotrimethylenetrinitr amine 
c 

HMX:  Cyclotetramethylenetetranitramine 
d 

TAX:  1-Acetylhexahydro-3,5-Dinitro-1 , 3, 5-Triazine 
e 

SEX:  0ctahydro-1 -(N )-Acetyl-3, 5, 7-Tr initro-1 ,3,5, 7-Tetrazine 
f 

At  ambient  temperature. 

8 

Analysis  of  equilibrium  liquid  at  MOT. 
h 

By  Karl  Fisher 
i 

Water  content  calculated  by  difference. 

J 

DM SO  content  by  gas  chromatography  using  virgin  DMSO  sample  as  the  standard. 
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CHrtRT  SPEED  0.0  CMxMfN 

ATTEN:  64  ZERO:  3*  1  M1N/TICK 

_?i?T.4,H^ECT 


0.326 


TITLE:  10:28  11  MAR  83 

CHANNEL  NO*  l  SAMPLE*  “SLUDGE"  METHOD:  THIOLS 

PEAK  PEAK  RESULT  TIME  T  t  HE  AREA  SEP  Ml/2 

NJO  NAME  AREA  *  (MIN>  OFFSET  COUNTS  CODE  (SEC  * 

1  65.3886  5.220  8169  BB  ?  15.60 

2  34.6114  11.728  4324  VV  ?  27.00 

_TOT«LS*  100.0000  12493 

DETECTED  PKS *  13  REJECTED  PKS:  11 

MULTIPLIER:  1.00000 
NOISE:  0.0  OFFSET*  -• 

SAVED  FILE:  00*006 
NOTES* 

COL:  2  M  GLASS  -  5S  OV-17.  80-100  MESH 
CARRIER:  NITROGEN  -  20  Ml/MIN 
I NJ  *  150*  C  DET*  270*  C 

TEMP  PROG:  100*  TO  260*  C  0  20*C.'MIN 
SOLVENT:  D*1S0  SAMP  SI2E»  0.5  UL 

DETECTOR:  FID  -  SENSITIVITY*  10-10 
RUN  LENGTH:  15  MINUTES 


Gas  Chromatograph  Analysis  of  DMSO  Evaporator  Sludge 
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TITLE: 


9:20  31  MAR  02 


CHANNEL  NO: 


SAMPLE*  DrtSO 


method*  thiols 


PEAK  PEAK 
NO  NAME 


RESULT  TIME 

AREA  *  (MIN) 


TIME  AREA  SEP  MI/2 

OFFSET  COUNTS  CODE  (SCO 


TOTALS: 


0 


1  DETECTED  PKS:  4  REJECTED  PKS>  4 

I  MULTIPLIER:  1.00000 

!  NOISE:  2.4  OFFSET:  -4 

|  SAVED  FILE*  RDX003 

1  ^ERRORS: 

|  HO  PEAKS 

i NOTES* 

i  t  COL:  2  M  GLASS  -  5*  OV- 1 7 .  00-100  MESH 

j  CARRIER:  NITROGEN  -  20  ML-'MlN 
1  IHJi  ISO*  C  DETi  279*  C 

5  TEMP  PROG:  100*  TO  200*  C  0  20*C.-Tt!M 
!  ft  SOLVENT:  DMSO  SAMP  SIZE  1UL 

J  DETECTOR:  FID  -  SENS  I T l V  I  TV : '  1 0- 1 0 

5  PUN  LENGTH:  IS  MINUTES 


Gas  Chromatograph  Analysis  of  Virgin  DMSO 
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«M  P/n  0*90636240 
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CHAKT  SPEED  0.0  CM.'MIN 

ATTEN*  16  ZERO:  5*  1  MIN/TICK 

"CS: 1.0  “T _ 

T~  0.389 


12 1  13  29  MAR  03 


CHANNEL  NO:  1 

SAMPLE* 

TP013 

PEAK 

PEAK 

RESULT 

TIME 

NO 

NAME 

AREA  * 

(MIN) 

1 

12.4597 

5.346 

2 

19. 7905 

6.224 

3 

17.5339 

7.48  1 

4 

4.2347 

8.685 

5 

44.8299 

1  1 . 789 

6 

1 . 1294 

12.636 

METHOD:  THIOLS 

TIME  AREA  SEP  WI/2 

OFFSET  COUNTS  CODE  (SEC) 

33291  BV  12.50 

56055  VV  10.70 

49669  VV  6.75 

12051  VB  7  3.10 

126977  VV  ?  53 . 15 

3199  VB  7  6.40 


TOTALS:  100.0000  283242 


DETECTED  PKS:  IS  REJECTED  PKSi  9 

MULTIPLIER:  1.00000 

NOISE*  1.2  OFFSET*  -3 

NOTES* 

COt*  2  M  GLASS  -  3*  OV-17.  80-100  MESH 
CARRIER:  NITROGEN  -  20  CC/MIN 
INJ*  150*  C  DET*  270*  C 

TEMP  PROG:  |00«  TO  260*  0  20*C'MIN 
SOLVENT:  DMSO  7  SAMP  SIZE*  1  UL 
DETECTOR*  FID  -  SENSITIVITY  10-10 
RUN  LENGTH:  13  MINUTES 


Gas  Chromatograph  of  DMSORecycle  Solvent 
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APPENDIX  B 


TOXICITY  LEVEL  DETERMINATION 


TOXICITY  LEVEL  DETERMINATION 


No  Growth  ST  =  Slight  Growth  NL  =  Normal  Lawn 


STRAIN  VERIFICATION  CONTROL 
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NUMBER  OF  REVERTANTS /PLATE 
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APPENDIX  B  (cont.) 


con  -  plate  value  was  disregarded  due  to  contamination 


Q* 1  ®1  S-9  Strain  Humber 

Solution  ^.ged  Added _ 98 _ 100 _ 1535 _ 1537 _ 1538 
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